Purpose To investigate the morphological characteristics and clinical manifestations of orbital emphysema in patients with isolated medial orbital wall fractures. Methods This was a retrospective observational case series of 348 orbits of 348 patients with isolated medial orbital wall fractures. Medical charts were reviewed, and computed tomographic (CT) images were examined to determine the morphological characteristics of orbital emphysema. Results Orbital emphysema was detected in 70 orbits (20.1%). Large and communited type fracture was related with the presence of orbital emphysema (Po0.05). Orbital air pockets were detected in medial or superior extraconal orbital segment in all cases with orbital emphysema. Swollen eyelid with crepitus (90.0%) and supraduction limitation (31.4%) were developed with orbital emphysema. All cases with supraduction limitation accompanied with superior extraconal orbital emphysema and superior rectus muscle deviation, and these eyes were fully recovered with conservative management without surgery. Conclusions Orbital emphysema can be a cause of ocular motility restriction following orbital wall fracture. If supraduction limitation is noted with isolated medial wall fracture and superior orbital emphysema with superior rectus muscle deviation is detected by CT scan, conservative management can be a good choice for spontaneous recovery delaying the surgery.
Introduction
Orbital emphysema is defined as the presence of air in orbit or periorbital tissues. The most common condition under which orbital emphysema develops is fractures in the paranasal sinuses and medial orbital wall along with valsalva maneuvers such as nose blowing or sneezing during the early posttraumatic periods. Orbital emphysema is often regarded as a self-limiting condition requiring no treatment and is not typically associated with any complications. [1] [2] [3] [4] [5] [6] [7] Although some orbital emphysema cases with severe complications were reported, there has been no study that analyzed large case series of orbital emphysema. [8] [9] [10] [11] The present study investigated the morphological characteristics and clinical manifestations of orbital emphysema in patients with isolated medial orbital wall fractures. This study included orbital wall fractures with only medial wall, to simplify the effect of emphysema on the clinical manifestations of orbital wall fractures.
Materials and methods
Medical records of the patients with isolated medial orbital wall fractures who visited the emergency room of Gachon University Gil Hospital between January 2012 and December 2014 were retrospectively reviewed. The medical records were reviewed to obtain information about the patient age, gender, visual acuity, intraocular pressure, and signs and symptoms such as eyeball movement limitation, strabismus, and exophthalmos.
All patients underwent computed tomography (CT) scans (axial, coronal, and sagittal orbital cuts 2-mm each) at emergency room. CT scans were reviewed to determine the type and size of medial wall fracture. The type of fracture was described as linear, hinged, or communited. The size of the fractured medial wall was categorized as a large, intermediate, or small fracture (Figure 1a) . If the presence of orbital emphysema was checked, CT scans were further analyzed to evaluate the morphological characteristics of orbital emphysema. To determine the location of orbital air, the retrobulbar orbital space was divided into intraconal and extraconal areas and the extraconal area was further divided into medial, lateral, superior, and inferior segments (Figure 1b) . Especially, the rectus muscle or eyeball deviation by orbital emphysema was carefully examined. CT scans were also reviewed to detect the presence of subcutaneous air in the soft tissue of the upper and lower eyelids. Accompanying orbital injuries such as orbital or retrobulbar hemorrhage, extraocular muscle swelling or incarceration into the fracture site were also examined.
Patients were managed conservatively with antibiotic topical eyedrop, oral medications including antibiotic, anti-inflammatory and pain control drugs and cold compress for eyelid swelling, except surgically indicated cases. Statistical analysis of all data was performed using Fisher's exact test. A P-value o0.05 was considered to be statistically significant.
Results
This study included 348 orbits of 348 patients, 275 men and 73 women, with isolated medial wall fractures. Orbital emphysema was detected in 70 orbits of 70 patients (20.1%), 58 men and 12 women, and the mean age was 35.4 ± 14.5 years. The presence of orbital emphysema was related with large size medial wall fracture (P = 0.001) and communited fracture (P = 0.040), and the presence of subcutaneous emphysema was related with the presence of orbital emphysema (Po0.0001) ( Table 1) .
The morphological characteristics and clinical manifestations of the 70 orbits with orbital emphyhsema were further evaluated. The location of orbital emphysema was in extraconal orbital segments in all 70 orbits; 17 orbits (24.3%) also had intraconal orbital air pockets. Among the 70 cases of extraconal orbital emphysema, orbital air was detected in the superior extraconal orbital segment in 49 (70.0%), in the medial segment in 58 (82.9%), in the inferior segment in 9 (12.9%), and in the lateral segment in 4 (5.7%) orbits. All eyes with orbital emphysema had the air pockets in medial or superior extraconal orbital segments. Especially, the superior rectus muscle or eyeball deviated downward due to the superior extraconal orbital emphysema was detected in 23 orbits (32.9%).
The most common sign caused by orbital emphysema was swollen eyelid with crepitus, which was detected in 63 orbits (90% in the 70 orbits with orbital emphysema), and subcutaneous emphysema was demonstrated by CT scans in these orbits.
The second common sign was limited eyeball movement, which was reported in 29 orbits; 22 orbits had supraduction limitation and 7 orbits had abduction or adduction limitation. We focused on the 22 orbits with supraduction limitation, because supraduction limitation is not common in isolated medial wall fracture. In the 22 orbits with supraduction limitation, all orbits had medial and superior extraconal orbital emphysema, and the superior rectus muscle deviated downward due to the compression caused by superior extraconal orbital emphysema. In these orbits, superior or inferior rectus muscle injury such as muscle swelling or intramuscular hemorrhage was not detected in CT scans. Because all study subjects had intact orbital floor, orbital emphysema could be one cause of supraduction limitation. All of these patients had blown their nose or sneezed immediately after trauma. These patients also had eyelid swelling with crepitus at palpation, and complained of diplopia when gazing upward. They were managed conservatively and fully recovered with no supraduction limitations, no eyelid swelling, no crepitus at palpation, and no diplopia within 7 days in all cases. A representative case is shown in Figure 2 . The incidence of supraduction limitation was 31.4% in the 70 orbits with orbital emphysema and 6.3% in the all 348 orbits with medial wall fractures.
Seven orbits with horizontal movement limitation were related with prolapse of the medial rectus muscle or surrounding soft tissue through the fractured medial orbital wall, and they were recovered after orbital wall reconstruction surgery.
Exophthalmometric measures showed enopthalmos in 16 orbits and exophthalmos from 0.5 to 1.5 mm in 7 orbits. Hypotropic eyeball deviation o10 prism diopters at primary gaze was observed in two orbits. The CT scan of these two orbits revealed orbital emphysema in the superior extraconal orbital space, which had compressed the superior rectus muscle and eyeball downward.
Discussion
In this study, we evaluated CT images to determine the morphological characteristics of orbital emphysema and its relationship to clinical manifestations. We discovered that the incidence of orbital emphysema was 20.1% with isolated medial wall fractures. Supraduction limitation was detected, and superior Orbital emphysema in medial orbital wall fractures H Moon et al extraconal orbital emphysema and the superior rectus muscle deviated downward due to the orbital air was identified in these eyes. These patients fully recovered with no supraduction limitation, no eyelid swelling, no crepitus at palpation, and no diplopia within 7 days in all cases. Air in the orbit can be detected by radiographic examination, most precisely by CT. 4 Radiographic Figure 2 A case with supraduction limitation induced by orbital emphysema. A 14-year-old boy was hit in both eyes and blew his nose due to a nose-bleed immediately after the trauma. (a) On examination, both eyelids were swollen, crepitus was found in the right upper eyelid, and supraduction limitation was observed in the right eye (arrow). (b, c) A sagittal (b) and coronal (c) CT cuts showed a medial wall fracture, orbital emphysema in the superior extraconal segment that compressed the eyeball and superior rectus muscle downward, and subcutaneous emphysema in the upper eyelid of the right eye. There was no fracture or emphysema in the left eye. (d) The patient underwent conservative management, and supraduction limitation and crepitus of the eyelid disappeared 7 days after the trauma (arrow).
findings are helpful for understanding the mechanism underlying the development of orbital emphysema. In some radiographic studies, it has been speculated that nose blowing or sneezing during the early posttraumatic period induces increased intranasal air pressure. Air in the paranasal sinuses enters into the orbit through a pathway formed by disrupted sinus mucosa, fractured sinuses and orbital wall, injured periorbital tissues, and orbital septum. [12] [13] [14] [15] [16] Disrupted orbital tissue, such as fat, acts as a one-way valve by falling back on this pathway and blocking the exit of air in the orbit. 17 In the current study, we found that orbital emphysema was found in the medial or superior extraconal orbital space in all 70 cases we examined; 17 cases also had intraconal orbital air pockets. These findings may help elucidate a more detailed mechanism to explain the development and consequences of orbital emphysema than previous understandings. 8 It may be that air from the paranasal sinus first enters into the medial extraconal orbital segments, and migrates to the superior extraconal orbital space by the force of gravity. If more forceful air pressure is generated, the air can infiltrate into superior, inferior, or lateral extraconal orbital segments, and extraconal orbital air can also enter into the intraconal space if the intermuscular septum is disrupted.
Indications for orbital wall reconstruction surgery include primary gaze diplopia, limited eyeball movement, enophthalmos more than 2 mm, and large fracture. 18 It is important to investigate the cause of eyeball movement limitation during the early posttraumatic period because early surgical management is required in cases with extraocular muscles or orbital soft tissue incarceration into the fracture site, and these findings can be easily detected by CT scans. However, some cases with eyeball movement limitation need no surgical management. Cases with extraocular muscle paralysis or swelling, orbital soft tissue edema, or orbital hemorrhage can be managed conservatively waiting for spontaneous recovery of the symptoms. 18 The present study showed that orbital emphysema can be an another reversible cause of eyeball movement limitation and related diplopia. CT scan is a useful method to evaluate the characteristics of orbital emphysema and to reduce a potential misdiagnosis of restricted ocular motility following orbital fracture.
In summary, if supraduction limitation is noted with isolated medial wall fracture and superior orbital emphysema with superior rectus muscle deviation is detected by CT scan, conservative management can be a good choice for spontaneous recovery delaying the surgery regardless of muscle or soft tissue inflammation.
Summary
What was known before K Orbital emphysema is often regarded as a self-limiting condition requiring no treatment.
K There has been no study that analyzed large case series of orbital emphysema.
What this study adds K Orbital emphysema can be a cause of ocular motility restriction following orbital wall fracture.
K If supraduction limitation is noted with isolated medial wall fracture and superior orbital emphysema with superior rectus muscle deviation is detected by computed tomography scan, conservative management can be a good choice for spontaneous recovery delaying the surgery.
